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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a solar cell module 
at a lower cost by performing series connection of thin solar 
cells conveniently at a high speed, to provide its producing 
method, and to provide a thin solar cell in which wiring can 
be connected at a high speed when the solar cell module is 
produced. 

SOLUTION: The solar cell module comprises a 
semiconductor layer part 1 1 including a plurality of 
semiconductor layers and having a photoelectric conversion 
function, an electrode part 12 provided on the light receiving 
surface side of the semiconductor layer part 1 1 , and an 
electrode part 13 provided on the rear surface side of the 
semiconductor layer part 1 L At least the light receiving 
surface electrode part 12 consists of a plurality of rows of 
dot-like separation electrodes 12a arranged in the direction 
B substantially perpendicular to the connecting direction A 
of leads 26 at the time of modularization or a plurality of 
linear separation electrodes arranged in the substantially 
perpendicular direction B. 
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[0014] 

Further, the solar battery cell in the. present invention 
may be set such that a sheet resistance value of the 
light-receiving surface side semiconductor layer of the 
semiconductor layer portion falls in a range of 5 0 to 150Q/square. 
By adopting such a configuration, a solar cell module with high 
photoelectric conversion efficiency can be obtained by achieving 
modularization using the solar battery cells. Especially, if 
the above-described sheet resistance value is set to a range 
of 60 to 12 0 □/ square , higher and stable photoelectric conversion 
efficiency can be obtained, which is preferable. Incidentally, 
when the above-described sheet resistance value is less than 
50 Q/ square, a generation current in the solar battery cell is 
originally small, so that a merit, from application of this 
invention cannot be obtained. On the other hand, if the sheet 
resistance value is higher than 150Q/square, the light-receiving 
surface side semiconductor layer becomes excessively thin such 
as about 0.2 urn, which results in occurrence of a pn-junction 
breakage due to invasion of a printed electrode material. 

[0021] 

A solar battery cell 10 of this embodiment is provided 
with a semiconductor layer portion 11 composed of a plurality 
of semiconductor layers stacked and having a photoelectric 
conversion function, a light-receiving surface electrode 
portion 12 provided on a light-receiving surface side of the 
semiconductor layer portion 11, and a back surface electrode 
portion 13 provided on a back surface side of the semiconductor 
layer portion 11, and a reflection-preventing film 14 formed 
on a light-receiving surface of the semiconductor layer portion 
11. Incidentally, in FIG. 1, reference numeral 26 denotes a 
metal thin wire serving as a conductive wire electrically 
connected to the light-receiving surface electrode portion 12 
and the back surface electrode portion 13. 
[0022] 

The semiconductor layer portion 11 having a rectangular 
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shape has an n + diffusion layer lib on a light-receiving surface 
side of a p-type silicon substrate 11a and has a p + layer 11c 
on a back surface side of the p-type silicon substrate 11a. 

The light -receiving surface electrode portion 12 is 
composed of a plurality of lines of dot-shaped separation 
electrodes 12a arranged in a direction B approximately 
perpendicular to a connection direction A in which the dot-shaped 
separation electrodes 12a are connected by the metal thin wire 
26 at a modularization time. Regarding to the shape and the 
size of the dot— shaped separation electrode 12a, the shape is 
a rectangular shape has a side in the above-described connection 
direction A as a short side and the size is formed to have 0.2 
mm x 0.5 mm, respectively. The separation electrodes 12a are 
arranged by a predetermined plural number in a line in the 
direction B .approximately perpendicular to the connection 
direction A with inter-electrode pitches (inter-dot pitches) 
P 2 of 2 mm, and are arranged by a predetermined plural lines 
in the connection direction A with inter-electrode pitches 
(inter-line pitches } P x of 2 mm. Incidentally, in order to avoid 
complication, such a case is shown in FIG. 1 that the separation 
electrodes 12a are arranged such that respective three thereof 
are aligned with the inter-dot pitches P 2 and 9 lines thereof 
are aligned with the inter-line pitches Pi, but in an actual 
case, separation electrodes 12a are arranged such that respective 
several tens thereof are aligned in the direction B approximately 
perpendicular to the connection direction A, while 10 to 60 lines 
thereof are aligned in the connection direction A (see FIG. 3) . 

Incidentally, the inter-dot pitches in the direction A 
are not required to be constant pitches and pitch change may 
occur within the above-described pitch range. In other words, 
the separation electrodes are not required to be arranged in 
a line in the above-described direction of the pitches P ? . In 
addition, even if there are some separation electrodes which 
cannot be connected to the metal wire 2 6 in the separation 
electrodes, when the ratio of non-connection of the separation 
electrodes falls within 10%, a problem about practical 
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characteristics does not occur. 
[0023] 

The back surface electrode portion 13 is composed of a 
plurality of (10 in FIG. 1) separated line-shaped separation 
electrodes 13a extending in the direction B approximately 
perpendicular to the above-described connection direction A, 
and respective separation electrodes 13a are arranged in parallel 
to one another with pitches of 2 mm in the above-described 
connection direction A . 

[0025] 

As shown in FIG . 1 to FIG. 4, when four solar battery cells 
10 are electrically connected in series by a plurality of metal 
thin wires 26 in modularization, the metal thin wire 26 having 
one end side electrically connected to a plurality of lines of 
dot-shaped separation electrodes 12a of the light-receiving 
surface electrode portion 12 of one solar battery cell 10 so 
as to extent across them. has the other side electrically connected 
to a plurality of line-shaped separation electrodes 13a of the 
back surface electrode portion 13 of another solar battery cell 
10 adjacent to the one solar battery cell 10 so as to extend 
across them. At this time, pitches of the respective metal thin 
wires 2 6 electrically connected to the light-receiving surface 
electrode portion 12 and the back surface electrode portion 13 
are set to be approximately equal to the pitches P 2 among the 
respective dot-shaped separation electrodes 12a of the 
light-receiving surface electrode portion 12 . Further, in this 
case, the number of electrical connections between solar battery 
cells 10 adjacent to each other becomes equal to the number of 
metal thin wires 26 arranged on the side of the light-receiving 
surface electrode portion 12 or the side of the back surface 
electrode portion 13. Thus, cell lines 15 and 15, each being 
composed of four solar battery cells 10 wired in series, are 
installed between a reinforced glass 2 and a moisture-proof f ilm 
5 via EVA sheets 3 and 4, so that a solar cell module M is 
manufactured . 
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[0 036] 
[Example 1] 

A solar battery cell and a solar cell module using the 
solar battery cells were manufactured according to the following 
manuf acturing procedure . Incidentally, the solar battery cell 
of this Example 1 was manufactured such that the back surface 
electrode portion 13 had dot-shaped separation electrodes 
similar to those in the light-receiving surface electrode portion 
12 in the solar battery cell 10 explained in the embodiment { FIG - 
1} - 

[0037] 

First of all, a P-type silicon substrate 11a having an 
outer size of 125 mm x 80 mm and a thickness of 0 . 22mm and having 
a specific resistance of 2 Q • cm was immersed in hydrofluoric 
acid (50%) and nitric acid (1 : .3 in volume ratio) -mixed solution 
for one minute, so that a crushed surface layer occurring at 
a slice time was removed by a thickness of about 20 unu Next, 
after one side surface of the P-type silicon substrate 11a was 
spin-coated with a BSG film, boron diffusion for formation of 
a P + layer 11c was performed within a heat treatment furnace 
set at a temperature of 900 ° C for 30 minutes. The sheet 
resistance value of the P + layer 11c was 33Q/square and the depth 
thereof was 0.4 um. An acid-resistance tape was attached to 
this one side surface, and. an unnecessary P + layer on the other 
surface was removed in the above-described hydrofluoric acid 
and nitric acid-mixed solution. Then, after the tape was removed 
by organic solvent and clarification was performed, a Si0 2 coat 
agent for semiconductor was applied to the surface of the P + 
layer 11c and was dried- Subsequently, after a densif ying 
process of the film was performed by heating at a temperature 
of 50 0 °C, phosphorus diffusion for 25 minutes was performed in 
an electric furnace set at a temperature of 860'C under atmosphere 
containing POCl 3 . Thereafter, a PGS (phosphorus glass) layer 
and the like were removed in an HF— series solution and a 
light-receiving surface side n + diffusion layer lib having a 
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joint depth of about 0.34 um and a surface concentration of 10 19 
cm -2 or more was obtained. The sheet resistance value of the 
diffusion layer lib was 8 5Q/square. Next, a silicon nitride 
film (SiNx) with a thickness of about 8 0 OA was deposited and 
formed on a surface of the n 4 diffusion layer lib as a 
reflection-preventing film 14 using a plasma CVD apparatus, 
incidentally, silane and ammonia were used as gaseous species. 
At the next electrode formation, a paste containing Ag powder 
and Al powder was first printed in a rectangular dot-shaped 
pattern (0.5 mm x 1 . 5 mm) on a back surface of the p-type silicon 
substrate 11a with the pitches P x of 4 mm and the pitches P 2 
of 4mm and dried. A back surface electrode portion 13 was formed 
by performing baking in a near-infrared furnace . Next , a similar 
rectangular dot-shaped pattern was screen-printed on the SiN x 
reflection-preventing film 14 on the n + layer lib as a 
light-receiving surface side electrode formation. As the 
material for the electrodes, a paste material containing Ag for 
a solar cell as a main component, was used. A light-receiving 
surface electrode portion 12 was formed by performing baking 
at a temperature of about 650 ° c while utilizing the near-infrared 
furnace, so that a solar battery cell according to the invention 
was completed* Incidentally, in this Example 1, in the 
respective electrode portions 12 and 13 on the surface and back 
surface, a total of 570 dot-shaped separation electrodes: of 30 
dot-shaped separation electrodes in the direction B 
approximately perpendicular to the cell connection direction 
A x 19 lines in the cell connection direction A were formed and 
the respective separation electrodes in the respective electrode 
portions 12 and 13 were arranged in a positional relationship 
opposed to each other. 

[0039] 

Next, modularization of the manufactured solar battery 
cells was performed in the following manner. 

Copper wire was plated to have a solder thickness of 10 
um by a dip method in advance and a total of 60 metal thin wires 
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2 6 with a total thickness of 8 0 urn were loaded such that 30 metal 
thin wires were included in a first bobbin line L 2 and 30 metal 
thin wires were included in a second bobbin line L 2 - On the 
other hand, while the cells 10 manufactured in the above manner 
were being supplied at a cell supply position E one by one such 
that a longitudinal direction of the cell is approximately 
perpendicular to the a supply direction of the metal thin wire 
and the. respective bobbin lines L x andL 2 were being simultaneously 
moved vertically in directions different from each other, the 
cells 10 were inwoved between the metal thin wires 2 6 . At this 
time, the metal thin wires 2 6 and 2 6 paired of the respective 
bobbin lines Li and L 2 were arranged at a central position in 
the direction B approximately perpendicular to the cell 
connection direction A in the respective dot-shaped separation 
electrodes on the surface and back surface sides with a positional 
accuracy of about ± 100 urn. Further, a distance between a cell 
10 and another cell 10 adjacent thereto was- set to 2 mm. 

[0042] 

Next, the cell line was. cut to groups of four cells. A 
cutting method was similarly performed by another laser light 
source. Thereafter, as shown in FIG. 2, after a reinforced glass 
2, an EVA ( ethylene- vinyl acetate) sheet 3, cell lines 15 wired 
in series, an EVA sheet 4, a moisture-proof film 5 were placed 
in this order within a known lamina tor apparatus (not shown) , 
a solar cell module M was completed according to a procedure 
of air exhausting, heating, and sealing. Incidentally, as shown 
in FIG* 3, a solar cell module 39 is attached with a negative 
terminal 6 and a positive terminal 7 at a lamination time. All 
the cells 10 were connected in series by the metal thin wires 
2 6 and were electrically connected to the above— described two 
module terminals 6 and 7 . When the completed module M was caused 
to operate under the above-described virtual sun light and a 
current-voltage characteristic thereof was measured, a 
short-circuit current density was 3 8.1 mA/cm 2 , an open voltage 
was 4.81V, and a fill factor was 0 . 71 9, and a module photoelectric 
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conversion efficiency was. 13. 2%. 
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[001 53 

*$HHB, ^©S&CfcftB* ±*UJfeHa«iBI*»i2^<PttBHit«i[*©*«CT 

«kttci?9c«*u -?a . ©»»Wfl> 
©*MWjv,»«ti«!©*i»«ai2^©kiBi«a8P>:©iS"?artiTa2*i»«^t s / 

i - fl, # & t* * ft 7 . 50 
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s # t ei u , ±&e> a i « -d A>*m tfiilt i e * #7 r ? . 

[0016] 

ES'i -*C«U7tti Mtt t?*««0C y f 0. 5-5 

mm, ft* b < tt z mmcl&^ttifceQVTtirar, Jtfcu fe«fc7 cau*«*«»*© 

[0017] 

7 15 Jiftflf, ±J4«P«»<P*lll»**t«ft*Cll!IC*ttr 

$ tt t # u & are ?ffftfcfltt&££ 1 won Vftttfi!**c yfffeftflttXi* 10 

ym ®&9ft*B Z3CC > W©fc$lil* OliC*»fl? t»«HH2* t-HJKTHttcm a 

-c ;u m { > ft *■ 1 a v . 

[0018) 

^?|BBci)tm^tVi-^(?)S3i^a?tt, S 1 * C > 2J <?> & >: * 2 C 20 

ill 7 it~z^%mcmm\j , Bwcinat Ka-n^ncsuT 

Ol)7t«*it.iP1/2tIC-*?ftXff > *»B* C £ / a - A,©Hft3 X K t 30 
[00191 

[ 0 0 2 0 3 

tVa-^©BrlB?*V . B 8 » H X * © M C » *t * £ ■ B » -t! * t -B II i Br B» 
? 5 /2-iKPf IB?*)'), 0 4 t* E ft ft © ^SS IC ft Z * » « $ £ V" a - ^ © 5 95 « * 40 

iri0-f Jio7, l»tUHiH!JKIitMCTlfcttc»|tJtttit*L7U 

I. ttfc, B1 VB8C»l»T, *#AB:fyi-*ftO*i9*>CJ:Z«iJflt>U 
. **PBI*^V:i--/Ht©l*©$«IC,J;T tt«15fl^»iXtX js»t*U7Hl. 
[ 0 0 2 1 1 

c0**«»t0tM»cJH ok, &&©¥$#i#fti?ti7*3at«$:i*&fc* 

1 v v c ®¥*<*je*i i©S3feE«!Jc^it 15 tLi setnaaj 1 2 

V. 1©BB«|CHit"4ft7BB*tt»1 3 V, ¥**S»1 1 ©**BC 

»J*7tlfc&»R Jt« 14n«t7l)I. B1C«U7. 26ttS3timiiflP1 

Zti£ZifllBBft01 3 IU « ft Ifo C 7 JlfcM V U 7<5t I . 

[ 0 0 2 2 ] 50 
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¥*ffS»1 1 tt , P 1 V y □ >S« 1 la<5S*Bfflcn+Klil1 1 ht 
** I V PUV'J 1 flu ©•■flic P + * 1 1 ct*U7H?. 

**hm.*i 21*. t =/ a - ;nb©&© tinea 2 e c <t i ttft£in a *b&ii$ t z * 

ft B Ctt4tftn © F v h tt*M»tt 1 2a,#^S3. :«P»H)t»Hfcl 2a,©ff£ 
0. 5 m m C»*r*l7 It I . C9fltl&1 2ctt*, ±Sfi&«£lql A *MRt I Tift 

Bicztn m ©nsm e vf (ipy ncvf) p e 7ffi£ft&ffl# 1 *j iuec* . » -a ± 

eift^AAC 2 mm©*ffifBC v f (ftWIBC v f ) P , 7BT*ttRW tf Ef 7 -ft 7 U 
1 . 8ft, B1-?ttMltfttj|it?feW, 1 2<xtt, Sh'yhlCvfP 2 -?8 

■tBftftftfl a * vixt 7 a A b cfii o fl9»n«tt..i a a. # i sue ate*, c ®n# 

IK ft ft AD 1 0~6Q5yES7ft2 . 
2ft, AJimF v HvCvf tt. -£Cy?7*ifc2&5l3:S<, 1) E C v f IS H 

ft. f* ffi C y f C • * it V to -> 7 £ J; U . ftftUtt, II 85 C y 7 P t ft A D I* - W D E 99 
Ltt<T*«fcU. ftC, ftMffi© WSREtt 2 6 C-»««-»t t*U*K*tt**feU 
7*i:©Jt*:tM 0 *WW7**ftl**ffl©H*±IS.*?ttSll. 
[ 0 0 2 3 ] 

smii&fn si*. ±ffi««aiHA*Ki3*r Btriiczfcft* en i 1 o* 

) DfrE-U fclttaftKlttl 3 a. » S 4S V , ft»lt«tt1 3 a t* ± IE & ft ft A©C v 

?2mm7ffl£D¥<TCEErft.7u*. 20 

[0024] 

B2VEI3I*, C©*M»t!Af1 0 t 8 iH It 7 It -ft U fc^EimJB E V" * - JIMt » U 
. C ©Jtfcs 4 A© AH* A « H OtIHiSll/fc'tlA'J'Jl 5 t EfittTU * it 7 II 2 . 

*«juwi 5, 1 b tt-.«mi#***S8 C7«fttsc»a^- ft. ***** a \ temnm 

©M*D»U7. -ft©tf^5!Jl 5»l&lt?69. flfe ft © *! FJ 1 5 t* jEtt* 5 7 # 
[ 0 0 2 5 ] 

El~ia4lCF\tJ;?Cv E'/i-iHtCfitlTtt, 4^H©XI»«H6-t!^1 Ot&ft*© 
tlll26C7H«ClWC»It?I. -©*&*»*JH 0 ©3$3feH«ffi» 1 2 
©*RW© F v t- tt***tt 1 Ea.C-H«#»'>7lfcttCttlB74i.feA«lll« 2 6 © 80 
A Mlllt , l*tJ««iH»C)H 0<?IH1» 1 8®«**0itt»Hti1 3 
a.C»# it I «fc 5 IC U 7*E ffi DttflK U 7 U I . C © V £ , 5*111*5* 1 2ft<fc&Sl 
*ffi*1 3 X«I.ttC*l7}ljt*iIM 2 6 ©C v f [*, **■*•«* 1 2©Fyt* 
tt©*#il*ffi 1 20Llil©CyfPe V»fU<fktTft7l)7. * fc. C ©»fc, fflS. 

I *l§*ffi{!* 1 0, 1 0 IB±©*Jltt«aHBnrB . ftftB*tt*1 2 «!) * fc BE 
«!*&* 1 3flyiCit*&gSfl&2 6©*$5t*#U<S3. 2©<fc?IC4Aro©£ll* 
A -G Jl/ 1 0 # l?!IEJSt 7ft 7* ZfiAWl 5. 1 5 B , §§Ht#7Z2VB&S7.fA'2*5* 
©fflCE WAV- h 3 v 4?/H7ai71l?CVC<t l i, tH»!^i-*M#*ff 
7tl3 . 

[ 0 0 2 6 ] 40 

*C, ±.»-©i»*»tlM OtfflUfctHiil'/i-AMDlli^iS, *tC, fcft© 

x**»-t2^i o t waflsi ici ?!i iuE«sfitt 7 -t2 ;nf afiific -5 u 7StBH 1 2 i aft, 

E5f*^fl«©*:l»15ftE^a-^©S3Jt^&t3iffl-ri«iC07$)^7, «^HSli 

ti)^»l£c» it 1 f MUSDMlSt * \j 7 It 7 . 
[ 0 0 2 7 ] 

sisi#in >i ft 3 . c ©« ArttKKCtt. - m >b ± c a w u c>« < >£ e 

3 **±7* , C©J*ft3 0ffl)©3?C>30»'4«I!»l7KC>9 , JL 1 H-H* 

± C 3£ W U £ & ft A ( # tt < * fc -3 **±7 » Y . C © »fc 3 0 ) © * C > 3 50 



(8) 
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I*2*C>flLt K, C ft S C > ?!) L ! , L t 9**C>lfl, S ItlUlIC 
*»t3UC, £ 3? I? > fll L ! , L z tB±T££ C**PC£fo) CXatttCMttt 
3aitK©$t'>«»fHVi^3. C0*C»*»-*J8©»»tt*l?a5rU7l*. fc* 
OULi , L i ft VT»tite-?#± U 7$$ L 7 U J . MC>!0, 

8lCtt^<tf>£Kia&2 6# , gt£?-ft7l]Z. **C>?"JL l , L E <5S/KC>8 

0 , 3 1*«Jt»Kafl"F»llCttv ±T--«5>*«n- =7 32, 33*. ttffitf 8 4 Y 
, ±T -*J9flft3SD - 7 3 5 , 8 6 ^, * ftT-m L *tttd ISr ffi 3 7 . 3 7 V. J: T - 
*tfl>»«D-73B, 8?*tBC*it7l)*. Sft , S-ttO&iMn-?!*, H U RB« 
fi7*H**I. Vftttff? 8 3 7 V U 7tt, fflit 1*1/ -*•«»*■#« US ft S . 

C 0 0 2 8 ] 10 

&frim#*7t>ft3. c«i> c juaiu a* ififtt. ft*c?J!Li , Lt 5**c>io 

. 8 1*W3tn(K*KTknlRbTn*C±T'?>4l«l*Z8*IIViiir*u7. c ± 
Aill0S 1 /K f >5'JL , # S tt*^J8ffil« 2 6 #Md»Tfi^i* , J fli 7 ft , T»tittt^>» 

2 * c > ?!i l 2 »stJ: : &tiM®2 6»f^w±B^ia | ( iairfti. *t 1 7 , ±Ttt»©* 

»» H2 H 0 U ft * ft 3 . 
[ 0 0 2 9 ] 

»1 * C> W L i #T&fflitC#±U, »Ti2SC>WLi # ± B ttf C # ± 0 T tit I 20 

irAft^ttzc^j; 1 ;, » 1 ace > w l i © s^iiffl^ 2 6 v»2$c>^Li ost 
sifltt 2 6v © n exipvffi t» * 1 o #t *ttc*v fif ft 3 . o * y , as$<9$ii 

» 2 8 » *Blft £ JH 0#ifcfc#£«fc<9efc?-CU7J8<;;ii3;ft3. 

[ 0 0 3 0 ] 

H7, ±TtiH#Aftffr^>fc ) &* , JL 1 , L 2 #H®«-£l3fflJ&2 6 0fi]<?>{2A#*&tfi: 

■ ec, K4>*Bm**JH o##i&7ft, tr > « l i , l 2 #ik±t£i:c£ 

£ttC#» U 7±Ttit»#Aft 1 C V C J; l ) U )l 1 0#*feyfi£ftZ*U7<i;?C, 

A* 1 o b cj; -s 7«sxaiy as? ft7u < . c^tz 

JUfcy fifr ISC fir l> 7 , » 1 # C > L t 9S^C>3 0V!I271CC:>9!)L2©S-21CC: 

>3 1 y»i5]!&7-ifco7*3t2U7ft , ;> c > 3 o , si^snyiiiTftfeSt so 

S3BBJHI 2 6, 2 6 'J £t>7 ft 3 £ TC L U , # ^ -G A- £ * ffilHJ© £ 8 JfflU 2 6 

utf* nx*Hfi<5*t*«ic*t"ni? cb 1 *■) . t#t>x< zv&nv&m 

[ 0 0 3 1 ] 

*B«l«EBC«fc-?7»yfc*ftfc;tB**'tZ/H 0 1*, »«D-5S2, 3 3 C<£o7 

TJHBN*«rtlX.±C#*e>J)Li, L t ©■* C > 3 0 . 8 1 #^#tn»z 

69&VilllttKI*t IJSO-9! Z. 3 30eIiEC«l;IRB&K}^ll&[BlU7<fc , ;, # o 
5tt«r#D-73 L 8 8tt£»EHsU7llZ. UtlCI'J, 8-&BH1B 2'6C»»Z 
3B#tf + #C/J\7 < SPJt « ft , l»#4USl)Jt7Ct1l7l!l. C0»«D-9 
32, 8 8 ©THUBICt&e tftfetftiSSn - =7 3 5 , 3 8 3 8 . 3?** 40 
4Rffltt26<?>JI« l ;iliUilfiVBI#UUR^)SS7a»iateU7Ul. 
[ 0 0 3 2 ] 

IBJI2 ejff-G^s*iiV'e;micsstec««B7fti. tafrt-, «juw», mm&z 

4 P3 tHilt 3 C V C<fc U i *Bl»t!JM 0 fl>**1B«tt»» *»»Bltt»0**B 

«ttv#*B.Je*E a ^*an«**U7i«[«c««t 7-. 117, an*ft *P 8 4 ntn 

[ 0 0 8 3 ] 

*fc<5>fc. ■Bfc»tJ;7C, tf/M'Jtt, »J9 X T v 7*7ft I if I S C 7 £ £ R fflli 

2 e »fBf*tt:ac7«i»7ft * . c©«««iiirisc« U7tt, «B u J:? v r 1 4Bie bo 
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12 ec, *3*taufcu-* , *<Dmat*fcitTK»*icvc* , K &t2;nacfi 

it 2£gJfflSI 2 6 , 28©£ftWi!E©»1.;ire>WLi W© £ 7 © £ BlffllS 2 6 * I* S 
ft C * 1 OGfiA-ftlCflUT, * 1 * C > H L ! © £ K Jffl& 2 6 V » 2 *c C > ?>J L 2 © 

saBaftzetfifcHiftcXEctDfttzcfccJ;-^, cM(XB®ifeBlittze# 
#ni otiftttcaitbfcttftrc**.?. a*, c fl>naiii?it, ttmiuj:! 

tllfi? B©«»ffl/--? , ©ft&SRJ;y /Jv7 < i££ 7H Z . 
[ 0 0 3 4 1 

e © j; ? c b 7ft » rti&ft&inixae juji* . **□ - ? a a , 8 9 c * y t«*k 
si^w^ti. i©&, m £ -e h ft is (n<9Ji^4ft:) fecsBftftz 6 a* # 7 $ Br 7 tt i 10 
. *t u 7 » ±MUfe«fe7ic, c©j;?c44Hr-3©*i$i;i!>tf;M orc^UTi^<?>7§ 

r-f-Jini C atr ^ xfccftSWIItftb 7SH**t I) * t fl ? c * c a 'J t ^ a 

[ 0 0 3 5 ] 

U<D J: 7 5^1 - **«*75*C J; ft*. t»a«C 11! E» 

tI©C£t3*fli7«£XJt©1 /O^MCi^^+lCSSItlCVflf-?? 1 , XB-lftt 

ICol»7t4Jt*Jt©1 tll»!5ri-*«l»D7htXi 

[ 0 0 3 6 ] 20 

cx.ua 1 3 

*»l»H2ilJ^C©*ftl»-t!^tHllfc;tftlfc£3' , i-;it. Ti5©Bifc¥J«rCJ; 

y «fp u c ©*»« i ©*i»i»«;n*. can **ftftufc*» 

1»*/H 0CSU7, *B*tt*1 3tS*Bltt*1 2 * Hft® P v I* tt**ltt * 
[ 0 0 3 7 ] 

fcf . ft » 1 25mmx80mm, *to. 2 2 m m 7 Jt & ift; 2 Q • c m © P S v y □ > 

fttt 1 1 OLf . ftftJfc 1 : 3 © 7 v ft ( 5 0 %) • «ift*ft»» * C 1 *IB**r 
7 . X5a^«> ftft *B ■ ft 2 0 U m t ft'* b . )X IC , J i9ffBCBBG74 A-At 
ZC>3-H7«. ? 0 0 "C <2> *ft 8$ S *P * 3 0#IB7P + S 1 1 c >KIX7 80 

ft o fc. P + § 1 1c©y-htei/iflItS3 3£3/C|-?^7K0. 4mn?*iofe. C © 1 
ICBttx-T-tSi . ±SE7 yft$l85Sfc + 7 «!iii©***P + f 7 £ b . ^U7, 

npjtft**ftu ftiiT, 5oot:ai»-z*K© poc i ■ tst-ti 

Uir?7) I«vtlt*UT. as 7 is o . Hum, $HSi o 1 ? c fin ~ * 

±©**fflfln +*KI 1 1 f>T*tfc. C©n+«IXf 1 1 t © * - h ttttfttt 8 5 £5 / 
□ Xc> COn+KKSl 1 i*lC757TCVDRItflU7lftyUD 

>IS (8 INx) tft»l»Jhl 1 4*b7S*ft80 OAtttta^JSEl/fc. * . 3tT 7. ft 
U75'7>lJ*7>?:7tlllfe. X <?> ! M 53? ? * , J& : &JIC»!lCA9-*&* * A I 40 
ft* 7 7 h 7 5 P v F tt A * - > ( 0 . 5 m m X 1 . 5 m m ) 7* C v f 

P 1 * 4 m m , CyfP z t4mmVb7«P«> EJft b fc. 5ff*^ftJf ■p-jftflft I u * 

C<toTf»ftft«» 1 StWflfbfe. iKll7, S*flfllttKJ* V 17, n + I1 1 t± 
© S i N x &*tP»±IM 4 91#^ Eft©«M1*©h'yh'ttA?->779y->ep 
fP'Jbfe. C9lH}Hn7li. *llft»ft©A*t£K*Vtl ^-7 KttJWtftU* 

. 11,7, jEftftfttft $ir b s# * ft e 5 o t©M£7&$r i c c x -> 7**111 

4SS5 1 2 7 fl^S)? b 75608© *l»13ft -B ^ t ^S)Cb fe. « 3if . **ffii7 

©#lffiaPl 2, 1 iC*H7, i2 ^3Bc 75 IrI A >: Kl^ t 3 75 1*0 B rc 3 0 MXV 

75 lq] A IU 1 9»©ftW-B7 0ft©Fv K^^ffilffit^^b ,*lffia5l2, 18©*^ 

ftlft&ttiq 1 1 fflSSIS « o 7 u 3 . 50 
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[ 0 0 3 8 ] 

l*RUfeil»«»*;H2oli'?, 5il£&8aajf 1 OOmW/cm z ©ja^*i»3tT-7. n. 

a * ff »e t 38 3£ U * V C i , 1 ^ $ £ ft 3 1 . 7 to A / G to 2 . IklEKBOZ 
toV.fflJUH^ftO. 721, B**II*»$tt1 4. 8%-*fcofe.C©l».®M* 

m%* )i t7uny>7>?na*-tsnfe. *fc> * it at * ® a je c » 1* i ? 

tlfc*-- E A * * t ffl llfc. 5fi $& ^ St 8? fi <J> $1 S C ft 7* V ? /L'RF^^fflSS'^Sl) 

mn^<oAHiJLt ;n»-cwt T**r4itMx* tint i 

tlfe. *fe, fi*9ftfF*ft<9ffl£CI*. #IMtl*ttC*IfHI*i?[]-7 
(*») tfflUfe. 10 
[ 0 0 3 ? ] 

IHSSC J?? 1 0um<97'^ y?!?)^:/,^^**^? JftfflK fcif ©IS 8 0 11 m 5) £E 
M Z 6 t . * 1 #C >?J L i C 3 0 l^«C>WL t C3 0*®ftitfiO*t»« 
l/fe--*, C E CIS , j&Ayft«««#»£ft*Kl£* 

■ ± bb ft « b o t - 1 ^ o u a # £ c > ?y l , . l 2 tn*c. # ^> n 

5 3 £ fa I? J:T ? tt£ # »i i! ;U 1 0 t ftBM 2 3 HllCtt'J C ?'J 
L 1 . L 2 <?>*ft S?-ftR»l« 2 6 , 28t, *llimi<P*l ! vl*tt*lt«ttC»it3t! 
^8&fifaA*I»t£tZ;&1{gB<?> t t'*ttSlC+-1 0 OUmttftOttlftftTfclb* 

. *Jfe, 0 ){«JH 0©lltt2mm1i8U7Ctttl»*. 20 

tO 0 4 0 1 

Hut* $1X182 6^^^35*i^c;mfflcf?^ojt«-^a«ffi>;jfStufetJi'5 | Jt 
. E5ot:ic!J^tnfeii^irYi<?)Rr«*7>7j!p(iD^^34) W c a ja ? tt . :?> 

[ 0 0 4 1 1 

3*11?, ±T 2flWQl/ -^StatM*"* * H /UIII&C&SLCftiaft 2 6 2 ft 

H C 2 5 c to/ S t± * Y AG U 1 . 0 a lift. HK0. 2J/ 

6 m 2 . SRttD 0 . 0 4 c to * , fiil U 8£& 80Hz)ta«U7.Sl*C:ya 

L , G>-&±W>MWt a 6 JrJ;2*»27RK , >5 , JL 2 9#ft Ba» 2 6 t Off U *L. C <9Bfc , U 30 

^^SftJgD-^C^'Jll^BiairtLlffifi ( ? 9 h ) ft. 2 & /* A*?'* •> fe. 
[ 0 0 4 2 ] 

. -t©1S, &*]<95§*-*-f$l C El m L a tl ) 1*3 ** , El 2 IC /?v t d: 7 IC , aitJ"7X 
2. EVA (If l/>-t?:^7tix-h) V-h3. 1 ill ft ft * ft jfe « A SI 1 5. EV 

*tyi-JlrMt5S«Ufc. 51 # . SI 3 C ft t <fc "7 c . *»1H& 

C s /a-;i,3 9lCft^ffiJ«^6, JEtt«*7**Wit"S*lTU3. tTQClM Oft. ft 
KM 2 6 ? 1 ?'J E « ? Jl ± ? . ±E 2 -5 0 € y a - bM* 6 . TC*JlttC*«ra 40 
fc. ^j3i;tV , a-JUMft±!eg^i!»3tT-fl»ffritT. 1 at 1 S ft "IS t SI 3t u * c *> 
, ifittf tttlK38. 1toA/cto2.ria*«ffft4. 8 1 V . iifil * ft 0 . 719 
. € y a - A/*ff£1*8}$l3: 1 8. 2%-?$)ofe. 

[ 0 0 4 3 ] 

tJt&ffl 1 ] 

*J? 7 t Hfl&flJ 1 0 0 . 2 2 to to J: U t •* U 0 . 4 0 to to V U feu V . £frSI 7 7&BB 0 

MA 1 * E - V U 7*2 JHbtfi U . Jt«fl! 1 Hfe. C<P«fc7CfP«U ^Jtft'A 1 <0 * h 
Q)»ffftfttSiaUfelSa. «JHt»**»* V U Ttt 1 3. 6%t#fe. fit* 50 
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* tt 1 1 . ? 
[00441 

±tS£ftflJ 1 « J; U Jt«tt 1 ®W3ta*t* t C* V 
[ 0 0 4 5 ] 
E* 1 ] 





*/P M*l 2 5 x8 0mm) 


*iP?L-jV 000 cm 2 ) 




Wen 2 ) 


(tnV) 




mas* 

(%) 


(A) 


(V) 




t%) 




34. 1 


6 0 2 


.721 


14, 8 


3.8 1 


4. 8 1 


.719 


1 3. 2 


JttMi 


3 1.5 


5 98 


. 7 24 


1 3. 6 


3. 5 4 


4. 7 8 


.70 2 


11.9 



E 0 0 4 6 ] 

* 1 , **Bl B*BK0fl±tt. **BC*it I«*BttB»tf L- 

fi«jt* (bmb 1 a. 5 %, itmm 1 0^*11*4. s *±c«amr± 

#<&7 C >£# SMfcMW^ajJRfrfc^fc^Bllltftfc. XBBl Q? ! /i-IH8l 
*BM?0»Sltt«ttf ih* < ft I *H9 » »> Jt«#J 1 C*-l7FFftTtf&VX,V 

« u . Jt««M 1 1 . 9 as-cisu 1 ? u 1 3 . zxgsu 

lit*, **B0EBfc*tBfflUfcC*CJ; , ;» E^a-HtBOiUUBfl*!*. ft * * 

Hi/ "1*00. ooi%JsiTt*t*-*? ! fc. *t. w$mm&}£mm 1 (**) 

[ 0 0 4 7 ] 

c s as as 2 3 

**B2-*tt, B 1 **K«Ufc*B*J0:fcB'B».<2*tftK*7B. *K«ffi HI 0 e v f 

* * ft * 1t fe . # 81 Sffi 1 fa 0 £ * ^ "? la , iso. 3 mm, l?2rnmH7, c * « 
U 7 is , 0. 4mm, o . 5mm, 1 . 0mm, 2. 0mm, 3. 0mm, 4. 0mm, 

5. Omm, 6. 0miD98lSnt. ftft, ^l9tBliCJl/(5^- F-ffiffitt 6 0 
Q/DCB-Ufc. 117, l&glCyf P, »B-©«BA8ft7B8catti:7ftill 

Mfyi-jUf. xnbi v n«0*#?ffM u 
$ t b * u , ^ 0 ft - at t * 2 c m U fe . 

[ 0 0 4 8 ] 
[* 2 ] 







f yf (bd) 


o. 4 


0. 5 


1- 0 


2. 0 


3. 0 


4. 0 


5. 0 


6. 0 




.737 


.735 


. 734 


. 730 


.731 


.707 
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